Introduction
Hospitals worldwide face an upsurge in anti-microbial-resistant bacteria causing nosocomial infections. [1] This has been both a cause and consequence of increased antimicrobial use in hospital settings. Antibiotic use has shown to be an important driver of resistance. [2, 3] Studies have shown that greater Indian Journal of Medical Microbiology vol. 33, No. 2
Materials and Methods

Study design
We designed a prospective intervention study to assess the effect of prescribing feedback on clinical prescribing practices.
Settings
The study was conducted at a 675-bedded tertiary care centre in New Delhi.
Participants
Clinicians at our hospital were grouped into units based on their specialties. There are 86 units in our hospital, each made up of one to seven doctors. Among the 86 units, 33 units prescribe about 80% of the total antibiotics prescribed in the hospital and these units were included in the study. Excluded units do not prescribe antibiotics because of their specialty (psychiatrists, doctors practicing alternative medicine, etc.), see very few patients, or prescribe antibiotics infrequently because they are not recommended in most circumstances. The 33 included units were divided into 10 groups based on specialty: Cardiology, chest medicine, general surgery, neurosurgery, obstetrics and gynaecology, medicine, urology, neurology, orthopaedics, and plastic surgery. Within each of the 10 specialty groupings included in the analysis, units were allocated randomly, in approximately equal numbers, to the control (16 units) and experimental (17 units) arms of the study.
Intervention
The intervention was conducted at our hospital between August 2010 and June 2011. Pre-intervention data from 33 units from July 2009 to June 2010 was obtained and compared with the intervention period for both groups.
In the intervention arm, information on resistance rates and antibiotic-prescribing patterns were provided to all doctors. Antibiotic consumption (in grams) and resistance of organisms were obtained through customized software, Speedminer, (Petaling Jaya, Malaysia), which extracted the data from the Hospital Information System (HIS) (Cambridge, MA, USA). Further, antimicrobial consumption in Daily Defined Dose/100 Bed Days (DDD/100 BDs) was calculated as per the anatomic therapeutic chemical classification (ATC) classification using ABC calc software (available free online). [7] Comparison information with peer units within the specialty (without disclosing the identity of the units) and the rest of the hospital was also distributed. In the control arm, only information on resistance rates was provided every month. [ Figure 1 ] shows an example of the feedback that was received by doctors in the intervention group.
Significant behaviour change (P < 0.5) in the treatment group was assessed by comparing baseline (pre-intervention) antibiotic-prescribing rates with post-intervention antibiotic-prescribing rates. These rates were determined using a Student's t-test.
Ethical approval (reference no. EC/03/10/110) was obtained from institutional review board before the onset of the study. Data from each unit was anonymous and kept confidential.
Results
Overall, the average rate of antibiotic consumption between units varied from 110 to 239 DDDs/100 bed-days and 132 to 282 DDDs/100 bed-days in the treatment group and control group, respectively. The mean antibiotic use for all the specialties was 189 DDDs/100BDs [ Table 1 ]. Antibiotic use did not alter meaningfully (P = 0.59) in the treatment arm following the intervention [ Table 2] . Surprisingly, the control group showed a significant fall in antimicrobial consumption (P = 0.016). When we reanalyzed the data for this unexpected finding, it was revealed that one of the units in control group that was high prescriber of antibiotics (average antibiotic prescription rate of 379 DDDs/100 BDs) changed to low prescriber of antibiotics (average 123 DDDs/100 BDs). This dramatic fall was due to change in the head of this particular unit coinciding with the beginning of this project. This resulted in change in the antibiotic policy for this unit. However, no other such change of physicians was noted in both control and intervention group. Monthly average DDD/100 bed-days were standardized against the same figures for the previous year in order to account for potential seasonality [ Figure 2 ]. However, the standardized prescribing rates also appeared to be without much variation throughout the intervention. In order to test whether a harmful "boomerang effect" was being observed-whereby doctors who were told The dark grey rectangle represents recipient's own unit, the black rectangles represent other units in recipient's specialty, and the light grey area represents all units in other specialties they were prescribing below the average increased their prescribing to fall in line with the norm-we separated all units into high and low prescribers [ Table 2 ]. These were defined as units that prescribed above or below the average rate (189 DDDs/100 BDs) in the full year prior to the intervention. Low prescribers continued to prescribe antibiotics at a low rate, and high prescribers continued to prescribe at a high rate [ Figure 3 ]. In our study, we observed that overall ( Figure 4 ].
Discussion
The growing problem of antibiotic resistance in hospitals has prompted many measures to enhance antimicrobial stewardship. Fraser et al. in a randomized trial of an intervention through feedback has shown significant reduction in inappropriate antibiotic prescription without altering the clinical outcome. [8] Similarly, in another study by Solomon et al. there was reduction in duration of inappropriate antibiotics by 40% in the informational intervention group. [9] Such studies seldom examine resource poor settings, and this study is the first from India on the effectiveness of intervention program through feedback to the physicians of their own prescription habits in a hospital setting.
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High prescribers, in our study, continued high usage of antibiotics post intervention, possibly due to the nature of the diseases that they were accustomed to treating or lack of meaningful continuing medical education programme targeting antibiotic use. Ours is a tertiary care health centre and therefore has a larger proportion of critical patients, who need more antibiotics due to a higher case mix index (CMI) in certain specialties. CMI is an economic parameter that is calculated using diagnosis related groups, a measure used in various countries as a basis for hospital reimbursement. [10] Kuster et al. found a significant correlation between antibiotic use and CMI of different departments and units at a tertiary care university hospital. [10] They showed that antibiotic use varied from 21 in the rheumatology unit, with a lower CMI, to 323 DDD/100 patient-days in the transplantation unit, with a higher CMI. Moreover, there are no references for baseline antibiotic consumption, which can be termed as ideal. High or low antibiotic consumption may be subjective. Antibiotic consumption varies across hospitals based on geographic location, prevalence of MDRO, case mix of patients in particular institutes and availability and affordability of antibiotics. The other reasons for the lack of behavioural change in the antibiotic-prescribing practice of the doctors could be that the doctors did not understand or agree with the message of the information provided or due to the passive nature of intervention used in this study. It has been shown that prospective audit of antimicrobial use with direct interaction and feedback to the prescriber can result in reduced inappropriate use of antimicrobials. [11] Studies with negative findings are seldom reported, as there is publication bias towards studies with positive findings. [12] However, such studies can also significantly contribute to the lacunae in knowledge. Currently, there is scarce data on antimicrobial prescription habits of physicians from India. The strength of our study is that it has highlighted for the first time the antimicrobial consumption patterns of broad range of specialties over a period of 23 months from India. The result of our study also stresses that since passive intervention did not elicit desirable behavioural change in the physicians, the possibility of direct interaction with the prescribers to reduce antimicrobial consumption may be more effective, at least in our setting. These methods may include training workshops, focus group discussions, coordinated implementation of antibiotic policy, preauthorization of specific antibiotics, de-escalation of therapy and computer-assisted prescription strategies. [11, 12] 
